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In the final year of my AFOSR AASERT grant number F49620-95-1-0421, several
important milestones were achieved, the most important of which was graduation. I
was awarded my Ph.D. in December of 1997. My dissertation is entitled Coupled-Cluster
Based Methods for Excited State Energies and Gradients. In it, the Partitioned Equation-
of-Motion Coupled-Cluster method (P-EOM-CC)* for excited states is presented and
analytical energies for the method are derived and tested. Also presented are analytical
derivatives for the Similarity Transformed Equation-of-Motion Coupled-Cluster method
(STEOM-CC).? Several example applications are also included.

The last year also saw the publication of one journal article, the submission, and
appearance of two articles, the submission of a fourth article, and the preparation of a
fifth manuscript. One of the papers that appeared in print was a STEOM-CCSD study of
the excited states of free base porphin.® This is the most complete and highest quality
study to date of the excited states of this parent molecule for many biologically and
potentially industrially significant compounds. The assignment for the excited states of
free base porphin is still a major area of debate, and this paper serves to help elucidate
some of these questions.

The other paper that was prepared and that appeared in the last year was a
study of hydrogen bonding and proton affinity in the first excited state of
formaldehyde.* Studies of such properties are common in the electronic ground state
of molecules, but studies of these properties in excited states have been extremely
rare.

The manuscript which was submitted but which has not yet appeared in press
presents gradients for P-EOM-MBPT(2)—the P-EOM-CC method for excited states
applied on top of a MBPT(2) ground state. Without analytical derivatives, it is possible
to calculate only the energy of the excited state at a given geometry. Analytical
derivatives allow routine calculation of geometrical gradients, which make possible
potential energy surface searches for minima and transition states.

One more manuscript has been prepared. It presents formulas for analytical
energy derivatives for the STEOM-CCSD method. No implementation is presented;
however, this is the most complicated coupled-cluster based method for which
analytical derivatives have ever been derived.

In total, seven journal articles came out of the three years of the AFOSR AASERT
grant. They are listed below.

1. S. R. Gwaltney, M. Nooijen, and R. J. Bartlett, “Simplified Methods for Equation-of-
Motion Coupled-Cluster Excited State Calculations,” Chem. Phys. Lett. 248, 189
(1996).

2. 1. D. Watts, S. R. Gwaltney, and R. J. Bartlett, “Coupled-Cluster Calculations of the
Excitation Energies of Ethylene, Butadiene, and Cyclopentadiene,” 105, 6979
(1996).

3. R. R. Sadeghi, S. R. Gwaltney, J. L. Krause, R. T. Skodjie, and P. M. Weber,
“Structure and Dynamics of the S; State of CS;,” J. Chem. Phys. 107, 6570 (1997).
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4. S. R. Gwaltney and R. J. Bartlett, “Coupled-Cluster Calculations of the Electronic
Excitation Spectrum of Free Base Porphin in a Polarized Basis,” J. Chem. Phys. 108,

6790 (1998).

5. J. E. Del Bene, S. R. Gwaltney, and R. J. Bartlett, "Base Properties of H,CO in the
Excited 'n—»n" State,” J. Phys. Chem. A 102, 5124 (1998).

6. S. R. Gwaltney and R. J. Bartlett, “Gradients for the Partitioned Equation-of-Motion
MBPT(2) Method,” J. Chem. Phys. (submitted).

7. S. R. Gwaltney, R. J. Bartlett, and M. Nooijen, “Gradients for the Similarity
Transformed Equation-of-Motion Coupled-Cluster Method,” (manuscript in
preparation).

In addition, I gave eight poster presentations at conferences, including one at
the HEDM Contractors’ Conference in June of 1997.

Finally, I would like to personally thank the Air Force Office of Scientific Research
and the managers of the High Energy Density Matter (HEDM) program. With this
generous grant much good science was accomplished. The benefits to me from the
grant are obvious, including greatly facilitating the completion of my Ph.D. in Chemistry.
However, the Air Force has also benefited. For example, the computational techniques
developed under this grant have been used, and continue to be used, to study chemical
properties such as possible synthesis routes for high energy density molecules. In
addition, these tools can help to better understand the relation between the stability of
potential propellants and the electronic excited state energetics and structures of the
constituent molecules.

HONORS/AWARDS
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